Abstract-Slow degradation of waste activated sludge (WAS) is a disadvantage of anaerobic digestion leading to high sludge retention time in conventional digesters. So, this study was proposed to increase biodegradability of WAS by alkaline pretreatment, and effect of pretreatment on the performance of anaerobic digestion and treatment efficiency was evaluated under both ambient and thermophilic condition. The soluble chemical oxygen demand (SCOD) and biochemical oxygen demand (BOD) fractions increased when pH values were increased. The solubilization had the highest increase in the pH range of 11 to 12 and gradually increased in the pH range of 8-11. However, the BOD 20 /COD ratios decreased for adjusted pH 10 and pH 11, and biodegradation was limited at pH 12. And pH 8 was the optimal value this alkaline pretreatment on anaerobic digestion. In alkaline pretreatment thermophilic anaerobic condition (PTAN), the result remove were 42.16%, 43.15% and 50.64% for TS, VS and COD removal, respectively, which are higher efficiency and gas production when compared to other conditions. Index Terms-Waste activated sludge, alkaline pretreatment, anaerobic digestion, thermophilic.
I. INTRODUCTION
The activated sludge treatment process is one of the most common methods used in a sewage and industry wastewater treatment plant to remove organic contaminants. The large amount of waste sludge, constituting of refractory and non-biodegradable cellulose compounds which is produced by this process, leads to the difficulty of sludge disposal [1] . Anaerobic digestion is a conventional sludge treatment process used to stabilize organic matter. Mass reduction, methane production, and improved dewatering properties of the treated sludge are the main features of the process. Slow degradation of sewage sludge is a disadvantage of anaerobic digestion leading to have a retention time in conventional digesters of about 20-30 days. In order to destroy the refractory structure of waste activated sludge (WAS) and increase its biodegradability, a physio-chemical pretreatment method is commonly carried out to transform particulate compounds contained in WAS into soluble compounds [1] - [3] . Compared with other methods, alkaline pretreatment has several advantages, i.e. simple devices, easy to operate and high efficiency. Most of the investigations exhibited an increase in methane production and decrease in volatile suspended solids (VSS), especially during low-dose alkaline treatment [4] , [5] . Alkaline destroys floc structures and cell walls by hydroxyl anions. Extremely high pH causes natural shape losing of proteins, saponification of lipid, and hydrolysis of RNA. Chemical degradation of the hydroxyl groups leads to extensive swelling and subsequent solubilization gels in sludge [6] . The preferred reagent, in most cases, is sodium hydroxide (NaOH), which is reported to yield greater solubilization efficiency than calcium hydroxide (Ca(OH) 2 ). Reference [7] used the alkaline pretreatment performed at pH 12 and 30 minutes of contact time by various alkaline agents at ambient temperature. The results showed the soluble COD values were increased about 39.8%, 36.6%, 10.8% and 15.3% for NaOH, KOH, Mg(OH) 2 and Ca(OH) 2 , respectively after added alkaline. Reference [8] reported that the percentages of SCOD to total COD (TCOD) were increased from 3.31% to 36.3% by alkaline pretreatment. Moreover, reference [9] reported the wet electrolytic oxidation pretreatment can be improved biodegradability of WAS. After pretreatment, the BOD/COD ratios were increased to >50% from 6-15% of raw WAS that caused to increase methane yield.
Temperature is one of the most important environmental parameters for anaerobic digestion. With better understanding of the basic mechanisms occurring in the anaerobic process and conducting the process at thermophilic temperatures, many advantages such as higher conversion rate, better pathogen reduction effect, and shorter retention time can be obtained than when it is carried out at mesophilic temperature. This work focused on alkaline pretreatment for anaerobic digestion. The sludge used in the experiments was a waste activated sludge. The process of alkaline sludge disintegration was first examined using NaOH. The variation in sludge pH was investigated during alkaline pretreatment. Based on these data, the parameters of alkaline pretreatment were optimized. Under the proposed conditions, the effect of pretreatment on the performance of anaerobic digestion and treatment efficiency was evaluated under both ambient and thermophilic condition.
II. MATERIALS AND METHOD

A. Sludge Samples
The waste activated sludge (WAS) samples were taken from the oxidation ditch wastewater treatment of the Health promoting hospital, a regional health promotion centre 5, Nakhon Ratchasima municipality, Thailand. The WAS samples were stored at 4 o C for stabilization components before used in experiments. The WAS characteristics are shown in Table I .
B. Alkaline Pretreatments
The experiment was performed by varying pH values in ranges of 8 to 14, and using NaOH adjusted as the semi-concentration, detailed in Table II . Then, the WAS and NaOH mixtures were agitated at 250 rpm with contact times 24 hr under anoxic condition at ambient temperature. The solubilization of the organic substances in the WAS was measured using soluble chemical oxygen demand (SCOD). The degree of sludge disintegration was calculated as the ratio of increase in SCOD. And TBOD 20 /TCOD ratios were used to evaluate the WAS biodegradability.
C. Anaerobic Digestions
The experimental set up consisted of four continuous stirred tank reactors (CSTR) with 20L working volume for each, two of which were under thermophilic condition and the other two were under ambient conditions. The temperature was controlled by circulating hot water inside the reactor water jacket from water bath maintained at 55 o C for thermophilic reactor. The hydraulic retention time was set at 21 days. Reactors were fed and withdrawn once a day. The influent and effluent samples of alkaline pretreatment analyzed following the standard methods [10] for the examination of water and wastewater included COD, SCOD, TS and VS. The BOD was determined by an OxiTop®-C measuring pressure head instrument [11] . Biogas production was measured by water displacement method. 
III. RESULTS AND DISCUSSION
A. The Effect of Alkaline Pretreatment on WAS
Alkaline pretreatment was performed under various pH values. The overall result of this study is illustrated in Fig. 1 . For experiments with various pH values, the overall result showed that SCOD concentrations increased when pH values were increased. This can be explained by SCOD expressing various reactions when being adjusted pH values such as saponification of uronic acid and acetyl ester, the reactions occurring with free carboxylic groups and neutralization of various acid formed from the degradation. Moreover, the SCOD were about 1.99%, 2.28%, 2.58%, 3.23%, 16.35%, 32.34% and 33.29% for pH values of 8, 9, 10, 11, 12, 13 and 14, respectively. As same as, the result of several researches such as, reference [7] improved the WAS solubility to increase in 39.8% of SCOD by NaOH adjusted treatment for 3.8 % of TS of raw WAS; reference [12] improved the WAS solubility to >65% of SCOD by NaOH adjusted treatment for 5.6% of TS of raw WAS and reference [4] reported the soluble fraction increased to >50% of TS for WAS 1.2 % of TS that pretreated by NaOH 40 meq/L. It can be concluded that the soluble fraction decreased when TSS concentration of WAS and NaOH concentrations were increased [1] . Biodegradability performance is indicated by the results of biodegradability test by BOD 20 /COD ratio evaluation with varying pH values and 24 hr of contact time. The value of biodegradability of raw WAS was about 0.22. The BOD 20 /COD ratios increased to 0.46 and 0.45 for pH 8 and pH 9, respectively. However, the BOD 20 /COD ratios decreased for adjusted pH 10 and 11, and biodegradation was inhibited at pH 12. This can be explained by the metabolism of microorganism, which was inhibited at pH higher than 9 [12] , [13] . Hydrolysis of organic matter is limited at high sodium hydroxide concentration [12] . As the result, BOD 20 /COD ratios were less than 0.05 when adjusted pH values were in the range of 12 to14. Sodium hydroxide at low concentration is essential for the methanogenic bacteria presumably because it is important for the formation of ATP or oxidation of NADH. However, high concentration of sodium ion was inhibits the activity of the microorganisms and interferes with their metabolism. The level of inhibition depends on the concentration found in the sludge. The optimal growth condition of hydrogenotrophic methanogens occurs at concentration of 350 mg Na + /L. Moderate inhibition is at the concentrations between 3,500 and 5,500 mg/L, whereas the concentration about 8,800 mg/l is strongly inhibitory to methanogenic bacteria during mesophilic digestion [2] , [13] .
In conclusion, the waste activated sludge (WAS) with highly slowly degradation is a disadvantage of anaerobic digestion or conventional digesters. Alkaline pretreatment is capable of improving WAS biodegradability by increasing organic solubility fraction or soluble chemical oxygen demand (SCOD). The SCOD increased when pH was increased. However, the BOD 20 /COD ratios decreased for adjusted pH 10 and pH 11, and biodegradation was limited at pH 12. This caused by inhibition of the metabolism of microorganism at pH higher than 11. And, the result indicated that 8 was the optimal value for alkaline pretreatment on anaerobic digestion.
B. The Effect of Alkaline Pretreatment on Anaerobic Digestion
To verify the effectiveness of alkaline pretreatment process, the percent removal of TS, VS and COD were used as the indicator of the biodegradability enhancement. In past thermophilic temperature condition, alkaline pretreatment thermophilic anaerobic condition (PTAN) removed 42.16%, 43.15% and 50.64% for TS, VS and COD, respectively. In thermophilic anaerobic condition (TAN), it removed 38.42%, 38.71% and 42.88% for TS, VS and COD, respectively, which indicated that it had lower efficiency than PTAN.
In past ambient temperature condition, alkaline pretreatment anaerobic condition (PAN) had higher removal efficiency for TS, VS and COD than anaerobic condition (AN) with the same past thermophilic temperature condition. PAN had removal efficiency of 36.92%, 35.94% and 38.41% for TS, VS and COD, respectively. For AN reactor, it removed 33.61%, 32.11% and 36.51% for TS, VS and COD, respectively. The overall result of this study is illustrated in Fig. 2 . Gas production shown in Fig. 3 was 84 .22, 78.24, 72.46 and 61.09 ml/d for PTAN, TAN, PAN and AN, respectively. Alkaline pretreatment condition had an increase in gas production because that pretreated WAS hydrolyzed much organic matter into soluble forms, and the anaerobic digestion process use it immediately consumed. Alkaline pretreatment could make organic matter release from inner fractions to outer fractions, thus increase the hydrolysis rate of granular organics and improve digestion efficiency [14] . PTAN and PAN reactors had greater rate of gas production than TAN and AN reactors. The fractional increase in gas production of PTAN and PAN was 7.64% and 18.61% when compared to TAN and AN, respectively. From data, fractional increase in gas production of comparison between PTAN and TAN was less than that of comparison between PAN and AN, but removal efficiency for remove COD in PTAN compared to TAN was increase by 18.09%, which was more than that (5.20%) in PAN compared to AN. So, in past thermophilic condition, alkaline pretreatment increased removal efficiency for organic matter and slightly increased in gas production. For ambient temperature condition, alkaline pretreatment showed increase of removal efficiency for organic matter and gas production. Reference [4] showed that alkaline pretreatment, an improvement of digester to have high performance compared to that without alkaline pretreatment at ambient temperature and HRT 20 days, can remove 36% of VS and produce gas production by 113 l/m 3 reactor . Reference [15] reported that adjusting pH values (9) (10) (11) (12) of WAS with comparison to the control (without adjusting pH), provided an increase in removal of TSS and VSS following pretreatment at pH 9-11, and improved gas production by 7.2-15.4%. Reference [16] showed that NaOH was used to disintegrate a mixture composed mainly of primary sludge with biofilm sludge before anaerobic digestion in batch experiments, NaOH pretreatment dissolved some organic substance, and with dose 0.1 mol/l of NaOH, the oganic degradation rate was 38.3% and the gas production was 0.65 l/g VSS .
For the effect of temperature on anaerobic digestion, thermophilic and mesophilic condition, it was found that thermophilic anaerobic digestion was much faster than mesophilic anaerobic digestion. Two conditions on pretreatment and non-pretreatment in this study showed that PTAN and TAN had higher removal efficiency for organic matter, and gas production. In thermophilic anaerobic digestion, waste activated sludge with thermal lysis of microbial cell was the dominant mechanism resulting in high degradation rate. Reference [17] showed that performance of the reactor improved with increases in temperature and with HRT 20 days. The COD removal increased from 35% in mesophilic condition to 45% in thermophilic condition, and gas production were 0.33 to 0.45 m 3 /kg VSfed at mesophilic and thermophilic condition, respectively.
IV. CONCLUSION
Alkaline pretreatment has capability to improve WAS biodegradability by increasing organic solubility fraction or soluble chemical oxygen demand (SCOD). The SCOD increased when pH values were increased. However, the BOD 20 /COD ratios were decreased for adjusted pH 10 and pH 11. Adjusted pH 8 showed the optimization for alkaline pretreatment with increasing SCOD and maximizing BOD 20 /COD ratios.
In alkaline pretreatment, thermophilic anaerobic condition (PTAN) removed 42.16%, 43.15% and 50.64% for TS, VS and COD, respectively, and provided higher efficiency and gas production when compared to other conditions. Regarding the effect of temperature on anaerobic digestion, thermophilic and ambient condition, and alkaline pretreatment and non-alkaline pretreatment, it showed that PTAN and TAN reactors had higher removal efficiency for organic matter and gas production compared to PAN and AN reactors.
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